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1, Eiglit glycidyl amines have been prepared by alkylating the parent 
timine witli epichlorohydrin to form the chlorohydrin, followed by 
cycli?nt:lon with aqueous NaGi Ihree of these compounds contained 
propargyl groups for ms t curing studies. 

2. A procedvrre for qtymtitatively estiirating the epoxy content of 
these glycidyl amines has been employed for purity determination. 

3. IV') diamtno cax'bcnates and several model propargyl compounds were 
prep/ired, Bie synthesis of tlaree new diamines, tw \diich contain 
profxirgyloxy groups and another with a sec- butyl gi'oup, is in projpress. 
These materials are at the dinitro stage now, ready for the final 
hydrogena t ion step, 

4, Four araratic diimines have boon synthesized for tmitagenic testing’ 
purixxscs. One of tlaese Cx.;:);-', ,unds rapidly deccmixises on exjxisure to 
air. 


I 



■ 
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II. lOTRODLICriON 


Tlie objective of t .e researdi conducted si:.:ice the last One Year 
Projjress Report (Decenijer 15, 1979) has been to synthesize and submit 
to I/infdcy Pv.escarch Center certain compounds from the folloinng groups: 

A. Glycidyl Amine Derivatives. Compounds having the follovring 


general structure, vAiere X is -802“, “CIH 2 - 


and -GO^- and substituted 


0-“'0 

3,3'- and 4,4'- about the aniline rings, were needed for evnlu^iting the 
effect of the X group on tou^i^hness in epoxy-ja'aphite composites, 

B. Propnr{ 5 /-l-Containiiag Amines, Model Compounds, and Reactive 
Solvents, liiese ccmixxindii \\iere needed to test the ability of the. 
pi-opargyl group to undergo a heat induced crosslinlcLng or ebuain extension 
reaction wlien incorporated in various polymer systans such as polyamides 
or ejx)xides.. 

C. Compounds for Mutagenic Testing. Several arcmatic diamines of 
the following general structure, wliere X is -SO 2 -, '/C— 0, or -Nil- Vi^re 


(CliJ^^HCH2)2N 


CH2CH— 012)2 




NR2 


needed for evaluation as mutagenic agents. These conpounds are part of 
a large series of compounds being evaluated by Monsanto Research Corp. for 
Langley, 

Supplemental funding has recently been approved for the purchase of 
a Perlcin-Elmer HFLC systar composed of two pumps, a uv- visible detector, 
analytical and preparative colums, and a small printer -plotter. This 
instrument vdll be initially used for the analysis of the glycidyl amines 
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being prepared. We also plan to use this HPLC to monitor the purity 
of most compounds that are submitted to langley. 

Five students have vorked as research assistants on grant proj >cts. 
Tliey have worked up to ten hours per waek during both sanesters of the 
school year or for ten weeks full-time during the svinner. These students 
are Alice George, Laurie Gardiner, Jac Jonas, Jerri Elliott, and Alisa 
Williams. Jerri aiKl Alisa have gone on to medical school, Alice has gone 
to graduate school (toxicology) , and Laurie and Jac have goT/;e to points 
unknovn. Robin Ficklin began work several weeks ago as a suimer research 
assistant. 


BK.. ^ - 




III. 


RESULTS AND DISCUSSION 


• Glycldyl Airniie Derivatives 

As a result of recent dr^imatic increases in fuel prices, NASA has 
put resear dn emphasis on the development of epoxy-graphite conposite 
materials vhich have a hi^ strength and improved tou^iness . Ihese 
new materials may find use in second generation aircraft, whose chief 
feeture will be reduced weight and improved fuel efficiency. One way 
to increase the toughness of epoxy resins may be to build into the epoxide 
monomer certain energy absorbing sulfone, carbonate, or carbocyclic groups. 
Tl-^us, work under NSG-1539 is in progress to prepare certain tetraglycidyl- 
amincs viaich contain these {groups for evai.uation in conposites at Langley. 

As will be lexplained in the folloivdng discussion, considerable initial 
difficulty has been, experienced in preparing tetraglycidylaiine compounds 
of 3,3'- and 4,4'-diaminodiphenyl sulfone xdLth a high (e.g. , > 90%) epoxy 
content. Vfe believe that the problem may lie with the electron withdrawing 
nature of the sulfone group, as a similar preparation from 4, 4 * -methylene- 
dianiline had an epoxy content of 89%. We feel that more strenuous 
reaction conditions during glycidation may be required. Preliminary 
experiments have showi this to be the case. 

A second problem encountered was in the measurement of the epoxy 
content. A titration method shov^^ing acceptable reproducibility has been 
developed from literature procedures, although this method gives slightly 
low values. 

1. Quantitative Deteimination of the Epoxy Content 

The epoxy content has been used to measure tloe purity of glycidyl 

amine derivatives. Briefly, the term epoxy content refers to the average 

number of epoxy groups contained in the average molecule of resin. Several 

1 2 

procedures for its determination are known and have been reviewed. ’ 

We have used the pyridine hydrochloride in pyridine method. This 
method consists of adding a known excess of a standard pyridine hydrochloride 
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solution in pyridine to an accurately weighed sanple (usually one gram) 
of the epoxy carpound and heating. Most of the epoxy groups are converted 
to the chlorohydrin as in the following equation. The excess HCl is then 

^Ov Py-HCl ^ 

— N-ca,cH — — ^ — N-ai,ai-ai,ci 

i ^ Ij, pyridine • ^ ^ 

titrated with standard NaOH solution to a phenolphtlialein end point. 
Calculation of the epoxy content is then made using the following equations. 


no. equivalents epoxy no. equivalents base _ no. equivalents HCl 
in compound ' required to backtitrate added as Py»HCl in Py 


From the definition of the equivalent weiglit(eq. wt.): 


sample size in of conpound in grams 


eq. wt. of cottpound 


no. of epoxy equivalents 
in the compound 


epoxy content (in %) 


theoretical eq. wt. 


x 100 


eq. wt. from titration 


For exanple, an epoxy content determination (run in tripli< 2 ate) was 
nade on a sample of N,N-di^lycidylaniline. Hiis material, prepared over 
a year ago and freshly redistilled, gave the following analysis. See 
Experimental for details. 

Run no. Epoxy Content, % 

1 95.3 

2 90.4 

3 92.5 

average 92.7 

The N,N-diglycidylaniline may not have been lOOTo pure, althou^ the 
sample had been redistilled through a Vigreux colvm. This titration 
method is, in addition, knovn to give low epoxy content values. The 
formation of a small amount of a low molecular \-jeight polyner having the 






following structure during the reflux etep with pyridine hydrochloride 
in pyridine is thought to bo responsible for lov-? epoxy content values.^ 



N , N-Bis (2 , 3-epoxvpropyl) aniline 

this compound was prepared in 72% yield from aniline and epidiloro- 
hydrin (molar ratio 1:4) followed by treatment of the resulting chlorohydrin 
with 50% aqueous NaOH. Tliis compound was prepared as a model to determine 
suitable reaction conditions arid infrared and NMR data for preparing and 
analyzing other expounds. In addition this coraiwund was used as a 
standard to measure the accuiracy and precision of the epoxy content 
determiimtion previously discussed. 

Several earlier attempts to prepare this compound using other 
experimental conditions were not successful. For exanrole, tlie azeotropic 
removal of water during the NaOH cycllzation step of the chlorohydrin 
of aniline led to the formation of excessive polymeric material in eveiy 
case. 

2. Glycidyl Sulfones, ^fetilanes, and Carbonates 

3>3'- and 4, 4* -SulfonyrDls(N,N-bis(2, 3-epoxypropyl) ) aniline 


Both isomers were initially prepared using the procedure of Reinking. 
Tlie tetrachlorohydrins were prepared from the diaminodiphanyl sulfones and 
excess epichlorohydr in in ethanol-water at 80°C, followed by cyclization 
with 50% aqueous NaOK and heat. The excess base was then removed by 
extraction into water, and a methylene chloride solution w’as dried before 
the solvent was removed ^ vacuo . Both compounds w^ere light yellow, glassy 
solids at roan temperature and required melting at a temperature of over 
100°C before they could be poured. The analysis of these two isoners is 
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given in the following Table, I. 

Table I. Analysis of Glycidylarnine Sulfones ITcepared by the frocedure 
of Relnking. 

Isomer Sample Size Submitted % Yield Epoxy Content, % 

3,3'- 157g 82 54* 

4,4'- 162g 85 40 

* Average of tv» analyses. 

The literature reports the preparation of tlie 4,4' -isomer by the 
same general procedure but under different reaction conditions.^ Hie 
epoxy content varied between 61-68%, depending on the conditions. 

line best explanation for the low epoxy coritent of these two sulfones 
appears to lie in the deactivating nature of tine sulfone group on the 
amino group. Ihis would appear to be especially inportant in the 4,4'- 
isomer, wlnere inductive as well as resonance effects operate. Ifore 
vigorous reaction conditions may be needed to fully alleviate these 
diiimines with epiclnlorohydrin. 

In this regard a modified procedure for alleviating highly hindered 
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amines with epichlordnydrin has been found. For enfample, 2,4,6-triProfno- 
sniline was converted to the corresponding N,N-diglycidvlaniline derivative 
by heating the amine and epichlorohydrin with glacial acetic acid for 20 hrs. 
at 110°C. The epoxy content was 94.4% 

With this in mind we tried this modified procedore for the small 
scale preparation of die 4,4'-tetraglycidyl sulfone. We found that the 
epoxy content was increased to 60% by this iDodified procedinre. ■ . 

A second procedure has been suggested by R. Bauer of Shell Research 
and Develojnent Corp. He recormended heating the reactants at 100°C 
for 20 hrs. and ranoval of the excess epichlorohydrin by distillation 
before cyclization with NaOl. An advantage to this procedure is that 
it may cut down on the amount of polymer formation (vhite powder) which 
is always observed during the cyclization step. Ifc. Bauer claimed that 
NaOH easily opens and polymerizes epichlorohj'drin. 

We plan to continue small scale glycidation reactions with these 
sulfone diamines until we are able to produce a product having an adequate 
epoxy content. 


A , A * “Methylenebls (N , N-bis (2 , 3-epoxypropyX)) anl line 

This confxjirid was prepared using a similar ptocaedure to that of 
Reinking. Toluene was repl«>>ed by aethylene chloride in dissolving 
the initial product. The C'poJty' cctitent vias found to be 8951. 

3, 3' -Methylenebls (N,N-bis(2, 3-epuxypropyl)) aniline 

This compound was prepared on a smaller scale using the same procedure 
as in the previous example, liowever, the epojQ^ content, determined in 
duplicate, was much lower, 66., 3 and 67.8%. Using the previously mentioned 
modified procedure (20 hrs. at 87°C) , the epoxy^ content \«as 75.9 aid 76.87o. 
N , N ' -Bis ( 2 , 3-epoxypropvl) -4 , 4 ’ - tt imethyleredipiperidine 

Using a similar procedure as in the preidon-s glycidyl compovinds, 
a 2.5 g sample of this compound was prepared from 4 , 4 ’ - trimetliylenedi- 
piperidine-epichlorohydrin and Na(B. The epoxy content was not determined. 

3 , 4 -Diaminod iphenyl Carbona te 

Ihis new diamine was prepared as sham by reacting p-niti‘ophenyl 



chloroformate with m-nitrophenol interfacially (methylene chloride-water) 
in tile presence of sodium carbonate to remove the HCl produced. The resulting 
3,4'-dinitrodiphenyl carbonate was then catalytically hydrogenated in a 
Parr hydrogenator with 5?o Palladiim on carbon. Seventeen grams of this 
material v;as subniitted to Langley in three samples: 1.5 g, m.p. 107-109. 5°C; 
4.7 g, m.p. 112-113°C; and 10.8 g, m.p. 107-109°C. Melting was accompanied 
by decomposition and appeared to be sensitive to the rate of heating. 

4,4'-Diaminodiphenvl Carbonate 

This diamine was prepared from p-nitrophenyl chloroformate auu p^nitro- 
phenol as in the previous example, followed by catalytic hydroganation with 
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5/s Pailaditrt on carbon in benzene. 'IX\n saniples of this material were 
submittedi 2.5 g, m.p. 145-147^0' and 14.1 g, m.p. 147-148°C. As in the 
previous case, melting was accon^ianied by decamposition. 

the preparation of a 100-200 g saiple of both the 3,3’- and 4,4’- 
diamines is planned for this siimier. Phosgene will be reacted with m- 
and p-nitropheiX)! in the presence of NaOi to form the corresponding 
3,3’- and 4,4'-dinitrodiphenyl carbonates, which \^d,ll then be hydrogenated 
to the diamines, 'these diamines will then be converted to their 
tetraglycidyl derivatives by previously mentioned procedures, the 
extent to which hydrolysis of the carbonate group will be a problem 
during the cyclization of the chlorohydrin with hot aqueous NaCH is 
unkncwn. 

3,4’ -Diamino-4- (2-butvl) benzophenone 


this conpound is being prepared as a special project for 
Brian Jensen as outlined below, to date a 60 g sanple of the dirdtro 



B. Propargvl-Containing Amines, Model Compounds, and Reactive Solvents 

The compounds discussed under this section were nrepared under the 
following categories: 

1. Amine and Glycidyl Amine Compounds Containing the Propargyl Croup, 
tine attempted preparation of foijr novel compounds (tv\o were prepared) tlnat 
contain both N-glycidyl and propargyl groups is discussed, the intait of 
this study was to prepare compounds for testing wliich could be copoR'merized 
in epoxy systems and ndnich can thermoset on postcuring. 

2. Propargyloxydiarrdnes . the attempted synthesis of tw novel 
diamines that contain propargyloxy groups was made, the monomers can be 
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oncorporatGd in [wstcurablc (■imide ix^lvniera. 

3. Miscellaneous Tiropcirt'vl Comrxxmda, Tliese are all model compf)vinds 
prop<'Jred for themal analysis. One corr^ound, 'N-Tn'OIX^rR;}/l“2-p:^/rrolidinone, 
was prepared for \ise as a reactive solvent; it could not be nvade in svifficient 
purity for study. A preliminary pyrolysis GIC study of phenyl proparjjyl 
ether is also disciissed, 


1. Amine and Glycidyl Amine ComrxDunds Containing the Proixirgyl Group, 
4-Am i nophenyl proinr^yl ether 



We originally prepared this compound in low yield !y reducinf^ the 
correspondixis tiitro ccmpoind with ferrous sulfate in. ethanol. In an attaiint 
to improve the, yield and obt:a.in a larger sample for testing, we tried several 
catalytic hydrogeratioris, Bvr.rvtr.ijjed in Table IX. 

Ihe attoitpted hydro[>,enation of A-nitropliGnyl tropargyl ether using, 

5% Pt or Pd on carton as the catalyst was not selective. Both acetylene 


and nitro groups were reduced. However, the use of Ru on alumina was 
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TOde, following, the recently rejx)rted procedure lor rt-ducing nitro can}X)unds 
in, the presence of acetylenes. Using this catalyst we were initially 
unable to separate product firem byproduct by fractional crystallization. 


However, we were finally able to separate the amine by extracting its 
hydrodiloride salt frcin tlie crude toluene filtrate with water. The aqueous 
layer was then neutralized with sodium bicarbonate to free the mninc, 
wliich was extracted into beruzene, dried, and distilled, Tae resulting 
colorless oil readily crystallized frem methylene chloride -hexanes . The 
best yield to date has beai 50%. 


U , N-Bis (2 , 3 -epoxypropyl) -4-px~opargyloxyaniline 

This product was prepared twi,ce by reacting the previoiasly discu.ssed 


(CH^ — QICH^) 2N-(^^>-0-CH^C= CT 


amine with epidilorohydrin at rocm temperature for 22 hours, followed by 
cyclization with arfieous NaOH and ethanol at reflux. The first product was 






~^r^A'<;;;;£nuNeR 
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Table II. Results of Hydrogenation of 
p-Nitrophenyl Propargyl Ether 


Catalyst, Condition s 

5% Pd on C in CgH^, 4 hrs. 
at 25°C 

57o Pt on C, methanol, 3 hrs. 
at 25°C 


5% Ru on AI 2 O 2 in 4 hrs. 

at 25°C; catalyst/ substrate 
>v 

ratio was 0.2 

57o Ru on Al^O^, toluene, 30.5 hrs. 
at 7l'“’C; catalyst/ substrate 
ratio, 0.05^ 

5% Ru on AI 2 O 2 , toluene, 

16.5 hrs, at 71^C; catalyst/ 

*/V 

si±) strata ratio, 0.1 
5% Ru on AI 2 O 2 , toluene, 30 lirs. 
at 71°C; catalyst/ substrate 
ratio, 0.2 


Results 

Complete reduction of both nitro 
and propargyl groups; Isolated 
4 -propoxyaniline . 

Oily solid with broad m.p. 
Probably a mixture with both 
functional groups partially 
reduced. 

No uptate of H 2 at 25°C; 
recovered starting material. 

177o yield, 7l7o recovery of 
unreacted starting material. 

11% yield, 62% recovery of 
unreacted starting material. 

50% yield 


I/Jt. of 5% Ru on AI 2 O 2 in grams/ wt. of substrate in grams 






distilled t-wlce under vaeuiri without incidcsil in 33% yield. Ikwever, 
a second scaled-up distil la t,i(?n exploded ' iolent'ty, destroying, all of the 
undistillf^d iikitt.>railj spilling most of the distillate, and tlu-ova.ng glass 
vKare twelve feet into the, air. No injury to personnel was received due 
to Tirotection from a heavy Plexiglas shield. Approxinvately 2 grams of 
this conipound was recovered find submitted to Langley. 


N,N-Bis(2, 3-epoxypropyl) -2-prop_vnaminc 

Hiis comjx)und wis prepared by a similar procedure as in the 
previous exanijile. Pro]xirgyl amine, epichlorohydrin, and NaOH were 

HC-CCH^-N-^ai^ai CH 2 ) 2 

reacted and the product was distilled without incident. A 4.1 g s;imple 
of this iiwterial has Ixren submitted. 


N , N-B is (2 , 3-cix^xy]» r opyl) -4 -amim-N ' -proixirgyliTlitiialim lde 


(cii; 


0 


\ 


CHCH.,) 


.jOc: 


»2i vat j 2* 

Fom" attoiipts have been nvado to prcixiro. this compoiaid from the 


0 

ii 

^N-CH2C=CH 

II 

0 


amir:a and excess epidilorohydrin , followed by cyclization with aqueovis 
or etlvmolic NaOH.at tanperatures from roan tem}X 2 rati.ire to tiiat of 


reflvixing toluene. In liirec cases a water soluble, xdscoas oil resulted, 
indicating that the imide rin^' liad prolxibly been ojxmed. Hie attempted 
distillation of this oil in the fom'th case led to severe decom}X)sition 
of the pTOchact. 


N- (2 , 3-epoxypxt>pyl) -N -prop<3rgylani.line 



A 40 gram sanple of N-px'ojxargy].aniline was prepiired by all<ylating 
ani.li,ne with prop;irgyl bromide in anhydrous acetone-ixitassivin carbonate. 
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One attempt was made to alkylate this material with epichlorohydrin , 
followed by cyclization with ethanolic NaOH.at 60°C. Nt'lR analysis of the 
distillate (after fractionation three times through a 12-inch colurm) 
indicated that the product v/as primarily unreacted N-propargylaniline 
(78% recovery). Tliis reaction needs to be rerun under more vigorous 
alkylation condifions. The hindered nature of the secondary amine 
apparently accounts for the difficulty of formation. 

2. Propargyloxydiamines 

Bis ( 2 - propargyloxy-5 -nitrophe.nyl)metliane 


Tliis conpound, m.p. 208-2irc, was prepared from p-nitroplaenol and 
formaldehyde solution in ^‘2^^ follcwed by alkylation of the resulti.ng 
bisphenol with proj>argyl bronide-potassium carbonate in acetone in 79% 
yield (based on the bisphenol) . 

Bis (2 “propargyloxy-5 -amino phenyDme thane 

Haree attempts laave been made to prepare this compound from the 



in IHF using 5% Ruthenirm on alumina at rocxr temperature for 8 hours 
resulted in no hydrogen uptalce and recovery of the starting material. 

A second hydrogenation attempt was made with the same catalyst in 
benzene for 11 hours at 46-49*^C and resulted in a 37% of theoretical 
uptake of hydrogen and a 64% recovery of starting dinitro substrate. No 
product could be isolated, and the remaining 36% of substrate could not 
be accounted for. 

A third hydrogenation using the same catalyst in toluene was made; 
only a small amount of hydrogen v?as consvimed at 71°C in 5 hours. A 43% 
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recovery of starting nuterial was n«de. The rcnviining black solid 
dispersed io a colorless oil could not be crystallized. Infrared analysis 
of this material showed the presence of no acetylene or amine groups. 
However, nitro and ether groups were still present. Hiis material did not 
melt below 260°C, 'xhich probably indicates polymer formation. 

We did not try conventional hydrogenation catalysts such as Pt or Pd 
on carton, due to their j>rcvioulsy daaonstrated non selectivity in reducing 
toth nitTO and acef;ylene groups in a irolecule. One additional hydrogenation 
is planned at b;l-60^C, followed by eoctraction of any amine into dilute 
HCl, as wis successfully used to remove A-fiminophenyl propargyl ether from 
starting’ material in a pi’evious section. A ferroas sulfate reduction 
may also be attempted. 


2- (4 * - ni t robenz yl) -4-nltrophenyl propargyl ethe r 


kljC=CH 



'Hie starting dinitro substrafe, 4-nitro-2-(4-nitrobenzyl)phenol, was 
propiired by condensing, p-nitroplaonol mth p-nitrobenzyl alcohol in cone. 


Four attempts to alkylate tfais phenol with propargyl branide and 
potass iiin carbonate, in acetone have been made, and unreacted starting 
material his been isolated in each case. Another reaction is px'esently 


being run usin^f higher toiling 2-butanone as the solvent. 


3 . Miscellaneous Piropargyl Compounds 

Pyrolysis Study of Pticnyl Px-ppargyl Ether 

Several ccxipounds that contain propargyl gx'oups arc Imown to undergo 
some kind of thermoset reliction; this reaction has been found by DSC 
to reach a maxinuri rate between 250-325°C. Volatiles are evolved during 
tlie cure. In an attenrpt to understand \diat compiunds may be forming 
during pAo-olysis, a sample of phenyl pxt)pargyl ether was heated with air 
one hour at 230-310°G in a sealed glass tulxe. The resulting tan oil 
ahwed at least three GLC peaks v^ien dircxmatographed on a SE-30 colunti 
(225*^C ) . One of tliese jieaks TOS the starting material. 
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Twd additional samples of this compound vtere sealed jji vacuo in 
glass tubes and heated separately at 275°C in a silicone oil bath. 
After approximately three minutes, each sample exploded from excessive 
pressure build-up. 

Tripropargyl-s-trlg^ine-2,4,6(lH, Si, 5H)trione 

This model compound was prepared by alkylating cyanuric chloride 



with propargyl alcohol and potassian carbonate in refluxing acetone. 
An analytical sample was examined by DSC and showed a strong exotherm 
maximum at 251°C. 

N, N * -Dlpropargyl-4 , 4 ' -bis (3 , 4-dicarboxyphenoxy) diphenyls ulfidediimide 



Three attempts have been made to prepare this corpound from the 
dianhydride and two moles of propargyl amine in refluxing glacial 
acetic acid. In each case a compound, m.p. 105-108°C (air dried), 
was initially isolated. After vacuur drying three hours at 87°C, the 
melting point fell to 92-98*^C. Recrystallization from various solvent 
pairs led to further reduction and broadening of the melting point. The 
inf rared (KBr) and HIR spectra showed the presence of the projaargyl 
group. This infrared also showed strong imide absorption (1784 and 1716, 
doublet) and 1401 an Hie infrared spectrum of the product was 
significantly different fran that of the starting diarihydride. 

A second method involved the attempted alkylation of the diphthalimide 
(prepared from the dianhydride and urea) with propargyl bromide-KCH in 
alcohol,’ and this., also failed to give the des5.red product. 
N-Propargyl-2-pyrrolidinone 



I 

CH2C~ Q'I 


Five attenpts were made to prepare this compound for use as a 
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ro;icrivi> solvent: in polyimide synthc'sis. The •initial attenpts wre mf.do 

by treatlivt 2-pyi-Tolidi.nonc mth Kai in iiietlxanol , OEWtropically r^iinviny 

the water, and alkylation of the resviltinp. anion \yi.th propargyl bromide 

11 

However, kised on a literatm-e value of refractive index, a product of 
only approximately 79% puirity the best tliat could he achieved. Ihe 
2-pyri'olidinone impia-ity could not be reiioved by fractional distillation 
thropth a 12-inch glass colunn. 

One additional attanpt was nxide to prepire this compxind by treatin|t 
2-*])yn'olidinone with NaH in mineral oil, followed by alkylation with the 
projxargyl lu'omide. Ibwever, the crude iiroduct (a red oil) polymorirred 
to <a nilbery solid on attempted distillation. 


C . Comixu inds Jfor IKi trtgen ic Testi ng 

Several arcmatic amines and diamines are to Iw chemical 


cm'cinogens, Ik'cairso of L'lngley's exotmitnce in the synthesis 
aiid ixilyim'ri nation of isomeric arcmiatic amines, they have undertaken 
a systoivuic study to assess the mutag,eni,ci,ty (and hence ixissible carcino- 
genicity) (.'I several series of artmatic diamines, 

tb' v-xn-e asked t o preixire snvall samples of five diamines for this study. 
To dat:e, foiu- of these compounds have lx*en prejxired and suljmitted, Tliey 
c'lre 2 , 3 ' -di aminobtrnnophenonc , 2,3' -diaminodiphenyl sulf one , 3 , A ' -di amino - 
di}iienyl sulfone, and 2, A'-di;minodiphenylamine. Tliis last compound was 
found to be unstable, hence the preixa-ation of a larger sample is pending. 
Tlie synthesis of the final canpound, 2, 2 '-diaminodiphenyl sulfone, is 
in progress. 


,Recausc of obvi.ous ]X)taitial Imixard in \N’oxidng with this giroui:) of 
coni}X)imds, we have tried to maintain adequate exposure safety precautions. 
Such prcx'aut ions have included \ocnidng in the hood with these nuaterials 
(or their urecui-sors) tdienovcr possible, wearing of p-otective clothing 
and gloves, and ndequrPee wash-up wi.th strong detergeatt on leaving the ' 
lalX)ratory. 


2,3' -Diaminobemophenone 


As outlined belo\y this ccxaixmnd was prervared vhfh difficulty using 
pi-ocedures similar to those of Gag,er and StutipJ^ Because of problems with 
low yields, difficulties in purification, and expense of the starting 
o-ni.trobenKvl/ chloride, eadi step in this reaction sequence required 
a nuxber of small-scale reactions before scale-up was attempted. 
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HN03(907o funijTft) 



Ihe first step involved the Friedel-Crafts alkylation of o-nitro- 
benzyl chloride and benzene to form o-nitrodiphenylmethane. This material 
could not be adequately ]mjrified by distillation; the impure pale orange 
distillate was collected and subjected to a chrocniun ti'ioxide oxidation to 
form o-nitrobenzophenone. This material could tlaen be recrystallized slowly 
from benzene. The direct preparation of this compound from o-nitro- 
benzoyl chloride and benzene (Priedel -Crafts) led to an oily solid 
which could not be recrystallized. 

Nitration was then conducted using a large excess of 90% fuming 
HNO^ in cone. 

was contaminated with higher melting by-products , probably the 2 , 2 '- and 
2,4'-dinitrobenzophenone isomers. Colum chxomatography on silica, 
although helpful, did not remove all impurities. Several recrystallizations 
from toluene appeared most satisfactory, giving a product vhich was 
approximately 96% pure as determined by HFUC. 

Hydrogenation of 2 , 3 ' -dinitrobenzoplienone with 5% Pd on Carbon 
gave the product, 2,3'-diaminobenzopi'ienone, xhich shenved a strong 
tendency to oil out of several solvents. A fine, pale yellow powder 
finally crystallized from a dilute solution of cyclohexane. On further 
standing for up to a week, this yella-j powder was converted to off- 
white needles. Both crystalline forms had essentially the same melting point. 


11280 ^ at -4 C. The resulting 2,3 -dinitrobenzophenone 
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, 3 -Di .'iininiHi i phi>n\i Svil f oi‘» 


'lliiwS iTVJt.eriij] wi 
K'lciiBh, and Querr-y as 


s prejxired according’, fo 
outlint>d iKd.ow. 


the m*oc('dure of Raker, 



a.NaOll 

nae sodiiiTi sal t of bomenesulfinic acid wis condensed \d,th o-chloronita'o- 
ben:'.ene in "Ciarbicol" (a high boiling, eflier of ethylene glycol) vDider a 
nifrog,en atnxesphei'e for 15 hours at 177^^0. Cxmsiderable deoanixrsit ion 
aceonipanied this reaction, and sublinvJtion of the product was reqviired 
t'ci roixwe tlie dirlc bro^s^n color. Tlae 2-ni t rodiphcnyl sulfone was nitrated 
with mixed acid at to 2,3'-dijaitrotiiT'ihenYi sulfone, wiaich was then 
rciiuccd with vSnClp in cone. HCl and rccip.astallit,ed froni Tnethylene chloride- 
petaa'ileum ether to the product. 


3j 4 ' ~Di.raminod^dienYl Svd fon^ 

Ihi.s oenpound V'Tia pnqxared in a sij'til.ar fashion as the jirevi.ous 
i-scxiier. Ttae attaiiptcxj catalytic hych’ogenation of the 3,4 ' -dinitrodi phenyl 
sulfone ud,t:h either 5% Ft or Pd on carbon led to incainlete uptake of 
hydrogen, pi-obably bc'cause of catalyt'ic poisoning by the sulfone. Stannous 
chloride Wfis used to reduce this niti'o derivative to the diamine. 


2, 2' -hia miriodiphenyl S ulfo ne 

Hie following sequence of reactirins is being used to pi-epare tliis 
nvaterial?‘^‘''l'5 date onlv the first reaction lias been rim on a simll scale. 



+ 



Nall in I’cthanol 





1. AcpO 

2. H2O2 io HCVvc, A 



60% 



SnCl2-HCl, 
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A dispersion of Nall in mineral oil was used to form the sodiiri 2-amino- 
thiophenoxide; this anion was then used to nucleophilically displace the 
clilorine in o-diloronitrobenzene to form the sulfide. A 78% yield of 
2-ainno-2'-nitrodiphenyl sulfide, m.p. 82-84*^C, has been isolated. Hie 
literature reports m.p. 85°C. 

2,4' -Diaminodiph e nvlciminc 

Hie synthesis of this monomer is outlined below. A 56 gram sample of 



2,4'-dinitrodiphenylaminc lia 5 been pr-epared without difficulty. Tliis brigtit 
orange solid n^elts at 223-224^0. Catalytic hydi'ogenation of this material 
with 5% Pt or Pd on carbon has been acconplished several times to afford 
off-wliite crystals of product. The best melting point adiieved has been 
53-54. 5°C„ Unfortunately, this naterial rapidly decatiposes at room temperature 
on exposure to air. After storing for several days in a screw top vial, 
the original light pink solid had turned purple. After one or two weelcs 
the sample had turned black and had begun to beccxne oily in nature. After 
several weeks only a black oil renrjined. Dr. Bell is cvirrently determining 
if this diamine can be used as prepared or if the dihydrochloride salt, 
a known compound, can be tested. 




W. EXPERMOTAL 


A, Glycidyl Amine Derivatives 

1. Quantitative Determination of the- Epoxy Content 
'Rie following example illustrates the determination of the epoxy 
content of N,N-diglycidylanlline. A standard pyridine hydrochloride 
in pvridlne solution was prepared by adding 16.0 ml of core. HCl to a 
1 liter flask and diluting with 99f% pyridine to volime. Ihe normality 
of this solution was found to be 0.1821 N by titration with standard NaCK 
solution to a phenolphthalein end point. 

To a 0.96 g sample of N,N-diglycidylaniline was added 50 ml of the 
standard pyridine hydrochloride solution; the mixtiare was dissolved and 
tluT) slovvly re^fluxed for twenty minutes on the hot plate. After cooling 
300 ml of deionhzed \rater and 10 dtrops of phenolphtlialein solution was 
added. Hie solution was titrated to the first pemrinent pink color with 
0.09375 N NaOH solution. A total volume of 4.8 ml of base was required. 

The pinlc color faded rather cjuickly due to reacticn of the NaOH with CO2 
in the atmospliere. Hie calculations for the epoxy content were as follo\';s: 


0.96 0.09375 ( 4.8 ) 0.1821 ( 50 ) 

,aa. wt. 1000 1000 


eq. wt. - 110.9 g/eq. 


Epoxy Content 


205.3/2 ( 100 ) 

110.9 


= 92.57a 

The low epox)’- content was expected, as tlie method is taoi-n to give 
low results ."^'%n addition the substrate may not have been 1007a pure. 

Hie N,N-diglycidylaniline used had been prepared a year ago and recently 
redistilled, b.p. 138-141.5° (0.40 imi), n^^ 1.5649. The literature 
rejxirts b.p. 130-133° (0.40 rrm).^^ 
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N, N-Dl,p,Ivcidvlanilirie 

A mixtvnre of redistilled aniline (10.0 g, 0.107 mol) and epichloro- 

hydrin (39,7 g, 0.A29 mol, a 1007£xcess) v?as stirred at room temperature 

for 5 days. Hie pale yellow solution was rapidly mixed \^n,th 25.7 g of 

50% aq, NaCW solution ( a SO’U excess) and 25 ml ethanol. A 15°C exotherm 

was noted. This mixture was refluxed for 4.25 hours, 'ihe volatiles were 

removed to vaax) and the resulting oil was dissolved to benzene and extracted 

with water four timeo. The. benzene layer was dried with anhydrous MgSO^ 

and the benzene was removed to vacuo. Twi distillations (once through a 

o 27 

6-inch Vigreux coluin) gave the product, b.p. 131 (0.20 Tim), n^ 1.5615. 

Ihe yield after one distillation was 15,9 g (72%). Ihe literature reports 
b.p, 130-133° (0.4 nm), 36% yield. 

2. Glycidyl Sulfones, Methanes, and Carbonates 

3,3* -Sulfonylbis(N,N-bis (2, 3-epoxypropy3 ))anlline 
The procedui’e of Reinking was essentially followed to prepare this 
com|Xxmd. 3,3'-sulfonyldianiltoe (lOG g, 0.40 mol) and epichlorohydrto 
(628 g, 6.8 mol) were sti.rred in a tlTree-neck, 3-liter flask equipped with 
a Trubore stirrer. Ethanol (520 ml) and water (80 ml) were added, and 
the contents was heated for four hours at 80°C. The tGrrperature was reduced 
to 60°C and 160 g of 50% aqueous NaOH v;as added dropiyise over a 3. 5 -hour 
period. After removal of a small amount of white polymer which formed during 
this cyclization step, the volatiles were removed on the evaporator and 
the resulting oil was di,ssolved to methylene chloride, washed four times 
with water, and dried over anhydrous 1%S0^. All volatiles were then 
rerwved for several hours on the evaporator at a temperature of up to 
70°C , tlien 1.5 lx)urs at 98°C until bubble formation ceased. Ch cooling 
the liquid solidified to a pale red, resinous iiHterial. The yield was 
190.6 g (82%). The epoxy content was determined in duplicate and found 
to be 56.0 and 51.5%. 

4,4 * -f:ilfony Ibis (N,N-bis (2, 3-epoxypropyl)) aniline 

A 162 g (85%, yield) of this compound was similarly prepared and 
submitted to Langley. The epoxy content was 40%. In a modified procedure 
(21 hrs., 100°C in acetic acid) the eixixy content was 48.7 and 50.5% (av. 50%). 
3,4' -Dinitrodiphenyl Carbonate 

Hie reaction of p-nitrophenyl chloroformate (2.0 g, 0.010 mol) mth 
m-nitrophenol (1.39 g, 0.010 mol) in a blender containing 25 ml of 






rtetliylano chloride and 100 ml of witer (intorfacial reaction) for three 
minutCvS afforded the product. After rtrtovfil of tlie nK'thylene chloride 
in vacuo and filtration, the yield of wtiite solid was 2.56 g (85%), 
m.p. 117-119.5^0. Recrystallization from methylene chloride-jxitroleLni 
ether (2:1) in the freezer gave a product with a m.p. 118.5-121°C. 

Anal, ailed, for Cj^3HgN^0^T G, 51.33; H, 2.65. Found: C, 51.24; 

H, 2.73%. 

3,4' -Dianti.no d iphenyl Carbona te 

A three gram sample of 3,41dinitrodij^ienyl carbonate was hydrogenated 
in 160 ml of benzene with 0.3 g of 5% Pd on carbon in a Parr hydrogeaator. 
After shakin^j 1,5 hours at room ten^erature, the catalyst was removed 
by fi.ltration, and the ssTwall amount of water vms removed by drying with 
anhydrous MgSO^. Hie volunc of the solution was reduced to 50 ml under 
the aspirator before petroleum ether mis added. Crystallization afforded 

I, 55 g (64%,) of prochict, m.p. 107-109. 5°C. 

Ami., calcd. for C^ 3 H^ 2 N 203 : C, 63,93; H, 4.95; N, 11.47. Found: 

C, 63.88; H, 5.00; N, ll.'47%. 

Ir(KJ^r): 3405, 3315, and 1610 (amine); 1758 ,'ind 1245 cm ^ (ester 

aarbonyl) . Nitx'O absorption was not present. 


4 , 4 ' -Dinitrodiphenyl Carbona te 

The reaction of 4-nitrophenol (24.2 g, 0.174 mol) and 4-nitroplncnyl 
chloroformate (35.0 g, 0.174 mol) in the presence of sodiim carbonate 
(9.2 g, 0.087 mol) in an interfacial reaction as in the previous example 
gave the crude product. This material was recrystallized from acetone 
to give 30.1 g (60%) of long white needles, m.p. 131-133. 5°C. On further 

T «7 

recrystallization frem methylene chloride the m.p. mis 141-143. 5°C, 
reixorts m.p. 138-l40”c. 


4,4' -Diaminodiphenyl Carlxmate 

Hie catalytic hydrogenation of the above diamine (1,95 g) vd-th 
0.18 g of 57o Pd on carbon in benzene gave 1.21 g (78%) of light tan 
crystals after cjne recrystallization from benzene, m.p, 147.5-149°C. 

Anal, aalcd, for ^X3^X2^2*^3' 4.95. 


Found: C, 63,88; 

o T 8 

H, 5.01%. The literature reports m.p. 140 C (with decaaposition) . 




4 - (2-Butvl ) -k * -ni t rotxaizophenone 

Otie Frit*dGl -Crafts acylation of sec-buty] benzene (93.2 g, 0,69 mol) 
and p-nitroben 2 oyl diloride (123 g, 0.66 mol) vdth anhydrous AlGl^ 

(102 g, 0,76 mol, a 10% excess) in 100 ml of carbon disulfide at reflux 
for 1.5 hours followed by bydrolysis with cone. HCl and ice afforded 
a tan solid. This solid \sOS slvirricd with aqueous NaOH at pH 12 to 
rernwe any unreacted p-nitrolx?nzoic acid, "nte filtrate wis neutralized 
mtli HCl and the resulting product was washed with water and then air 
dried. One recrystallization frcit benzene-pctroloim etlier (2:1) at 0 C 
afforded 149.8 g (76%) of light tc'in product, m.p. 78-81°C. 

Ir(KBr) : 1651 (carlxxiyl); 1518 and 1350 an ^ (nitro) , 

3, 4’ -Dinltro-4- (2-butyl)benyx)phenone 

4-(2-Butyl)-4'-nitrobaizophenone (5.01 g, 0.0177 mol) was nitrated 
in a mixture of 30 ml cone. HNO^ ;md 50 ml H2^®4 minutes, 

then at 50^C for 100 minutes, ITie mixture WJis poured over crushed ice 
to afford an oil. After the ice had melted the mixture wis extracted 
with methylene chloride and the organic layer was washed with water and 
dried with anliyd. Mgv80^. Ihe product crystallized with difficulty 
from methylene chloride-yx'troleun ether at O^C. After three crops a 
crude yield of 2.71 g (4T4) of this material was collected. One recrystall- 
iz/jtion from methOTol at room temperature gave pale yellow crystals,, 
m.p, 125.5-127°C. 

Ir(KBr): 1677 (carbonyl); 1539 and 1357 cm ^ (nitro). Ihe ratio 

of tlie transmittance of nitro to carbonyl was much larger for tliis 
compound than for the stftFting material. 




Freshly prepared from p-nitrol?enzoic acid and PCl^ and distilled, 
b,p. 156-160°C (aspirator). 
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B. ProparRyl-Cgntaimnfi Amines, lifedel Compounds, and Reactive Solvents 

p-/giilnophenyl Propargyl Ether 

p-Nltrophenyl pnopargyl ether (14.3 g, 0.081 nol) was dissolved In 
250 ml of toluene at 71°C, and 2.85 g of 5% Ru on alumina was added. Ihls 
mixture was hydrogenated for 25.5 hrs. at 71°C, adding hydrogen period- 
ically as required. Ihe catalyst was then renoved by filtration, and the 
volune of the filtrate was reduced by about 50Z on the evaporator. A 
small amount of black solid was removed by filtration after the filtrate 
had stood in the freezer overnight. 

The toluene solution was next extracted threti times witii 1,10 ml of 
1 N HCl^and the aqueous extracts were ccmbined. This acidic solution of 
the amine hydrochloride was then neutralized to 7 with NaHCO^jand 
the resulting amine was dissolved in methylene cliloride before the solution 
\<ns dried with anhydrous MgSO^ and reduced in volume on the evaporator. 

Ihe product was then distilled using the distilling head as the only 
colur/n, b.p. 116-119.5*^ (0.50 nm); the yield was 5.8 g (50%). Crystallization 
occurred in the freezer from methylene chloride-liexanes to yield a product, 
m.p. 50-51. 5°C. The analytical and infrared data for this ccmpound was 
reported in the 0i"5e Year Progress Report, Dec., 1979, 

N , N-Bis (2 , 3 -epoxypropyl) -4-propargyloxyaniline 

A mixture of p-aminophenyl propargyl ether (1.5 g, 0.010 mol) and 
epichlorohydrin (5.7 g, 0.062 mol) was stirred at room tanperature for 
22 hours. The solution was then brought to reflux and 1.23 g (0.031 mol) 
of liaCH in ethanol was added. Reflux was maintained for 3 hours before 
all volatiles \<ere removed on the evaporator. The product was redissolved 
in benzene and filtered, washed five times with water, and dried with 
anhydrous MgSO^, before the benzene was removed on the eva]X)rator. The 
resulting yellow oil was carefully distilled, using the distilling head 
as the column. The first of two distillations afforded 0.88 g (33%.) of 
predict, b.p. 173-187° (0.20 irm). This material was then redistilled, 
b.p. 170-174° (0.10 nm). 

Anal. Calcd. for C^^H^yNO^: C, 69.48; H, 6.61. Found: C, 68.95; 

H, 7.35%. 

A later fractionation of this compound (from another preparation) 
exploded about one-half through the distillation. The distilling head 
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and thermometer was bl.cwn about twelve feet into the air. Miraculously, 
only one glass receiving flask vgas broken, altfiough rmch of the distillate 
\^s spilled and the undistilled material was charred. The explosion was 
probably due to overheating the pot during the distillation, as well as to 
the sensitivity of the molecule, 

N , N-Bis (2 , 3-epoxypropyl) -2-propynamine 

Propargylamine (3.0 g, 0„0545 mol) and epichlorohydrin (30./. g, 0.326 
mol) were mixed at room temperature for 2 hours and then refluxed 0.5 hours. 
Sodium hydroxide (6.54 g, 0.164 mol) in 100 ml ethanol was then added, and 
the mixture was refluxed for 3 hours. All volatiles were removed in vacuo , 
and the product was redissolved in benzene. The benzene solution was washed 
several times with water & dried with anhydrous MgSO^, and the benzene was 
ranoved in vacu o. The product was distilled twice; the final fractionation 
gave a b.p. 140-142° (0.50 nm). The yield was 5.3 g (587o) . 

Anal, ca'i-cd. for 64.65; H, 7.84. Found: C, 63.40; Fi, 7.99%. 

Ir(neat): 3271 (strong singlet, acetylenic 3C-H), 2108 (weak, -CSC-); 
916, 854 cm ^ (strong, epoxy ring). lines in the HiR were grouped together 
too closely for assigrrifant. 


N-PropargylaniliTie 

A raixmjre of aniline (76 g, 0.82 mol), propargyl bromide (121 g, 0.82 mol), 
and anhydrous potassium carbonate (113 g, 0.82 mol) was refluxed with 
250 ml of anhydrous acetone for 72 hours. The solid was removed by 
filtration, and the volatiles were removed on the evaporator. 'The resulcing 
tan oil was dissolved in methylene chloride, washed with water, and dried 
wi.th anliydrous MgSO^. After removal of the metliylene chloride in vacuo , 
the product was distilled to afford 40 g (37%) of N-propargylaniline , 
b.p. 94-95° (0.15 rim), 1.5723. The literature reports n^^ 1.5772.^^ 

N-Proparg;^''l-N- (2 „ 3 -epoxypropyl) aniline 

A mixture of N-propargylariline (36.1 g, 0.275 mol) and epichloro- 
hydrin (216 g, 2.33 mol) was heated with 195 ml of ethanol and 30 ml water 
for 4 hours at 30°C, according to the procedure of Keinking. The 
resulting chlorohydrin was then cyclized with aqueous NaOH at 60°C for 
4 hours . Follorsdng the removal of all volatiles ^ vacuo , the resulting 
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oil wis redissolved in metliylcnc chloride, washed with water, and dried 

over antiydrous MgSO^. After rtmml of tlic solvent in vacuo , tine product 

wjis distilled tlu'ee times dirough a 12-indi glass colunn, Ihe distillate, 
o 22 5 

b.p, 118-120" (0.70nni), 1 .5659, contained no glycidyl compounds, 

as sho\>n by fMl. It appeared to be essentially all starting N-propargyl- 

anilinc (28 g, 787o recovery). Unfortunately, an NflR integration was not 

perfoniicd tecaase of problejiis with the spect:rcmet;or. Based on a retwrt 

19 

by t-Jolf and Strauss, tlic recovered material probably was a mixture of 
N-pro{»rgyl;milinc and N,N-di}7ropargylaniline. They reported the 
foihndng disproportionation reaction occirs wlien N-prop<sr^n/ianiline is 
heated with an organic base such as piperidine. Hie following analogous 
reaction probably occurred during tlie reaction with NaOll: 



Bis (2--propargvloxy -5 -nitx"OTTiienv], )methane 

ihe alkylation of bis (2-hydroxy-5-nitrophenyl)methtine, m.p. 260-263°C 
(pro]xired fraii p-nitrophcnol and fornwl solution in 112 ^ 0 ^) propargyl 

broniide and ixxtassivni carbonate in refluxing acetone for 47 hours gave a 
79% yield of jx'oduct, m.p. 208-21l"c. 

Ir(KBr): 3245 and 2110 (=CH and -C=C- ); 1480 cind 1335 (nitro); 

1250 ;md 1085 an ^ (ether) . 


B j, s ( 2 - propar gyloxy -5 - aminophcn vl ) methane 

Ihxree catalytic hydrogenations vri-th 5% Ruthenium on alumina have Ixeen 
xom, all at different tanperatures . IMder the most severe reaction conditions 
a sample of bis(2-px-op^irgyloxy-5-nitroDhenyl)methane (1.4 g) and 57o Ru 
on alimina (0.28 g) in 100 ml of toluene was shaken in a Parr hydrogenator 
for 5 hours at 7l"c. The catalyst was x'emoved by filtration, and the toluaxe 
was ranoved on tixe evaporator to afford a tan solid. Crystallization 
from acetone-hexanes (1:1) in dxe freezer gave 0.60 g (437o) of recovered 
starting material, m.p„ 198-20l"c. ilxe infrared sixectra of this raateiaal 
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and the starting dinitro ccm|K)und were identical. Whm no further 
crystals could be obtained, the solvents were removed ^ vacuo to 
leave a black oily solid and a colorless oil. 

Following the separation of the black oily solid from the 
colorless oil, an infrared spectrum of each was obtained. They appeared 
essentially identical, Ir(neat): 1460 and 1290 (nitro) ; 1270 and 

1072 an (ether). No absorption iias observed at the 3100-3500 or 
1580-1650 an”^ (aromatic amine) range or 3270 and 2100 an~^ (acetylene) . 


4 -Nitro-2- (4-nitrobenzyl) phenol 

The reaction of p-nitropiienol (29.1 g, 0.21 mol) and p-nitrobenzyl 
alcohol (32 g, 0.21 mol) in 120 ml cone. h 2 SO^ at room tanperature for 
24 hours afforded a black precipitate, on pouring the solut;ion into ice 
water. After thorough washing of tliis precipitate with water to rennve 
the acid, it ^ivas recrystallized from acetone-water, then from methylene 
diloride to afford 19.2 g (33.57o) of product, m.p. 176-180°C. 

Anal, calcd. for C]_3^\o^2^5' 56.94; H, 3.67. Found: C, 56.89; 

H, 3.80%. 


Alkylation of 4-nitro-2- (4-nitrobenzyl) phenol wrLth propargyl bromide 

Three alleviation reactions were attempted. All three resulted 
in the recovery of unreacted starting material. For exanrole, the 
reaction of 4-nitro-2- (4-nitrobenzyl) phenol (1.06 g, 0.0047 niol) wdth 
propargyl bromide (0.56 g, 0.004 mol) and (0.65 g, 0.0047 mol, 

a 207. excess) in 80 ml of refluxing anhydrous acetone for 48 hours 
gave a product with an identical m.p. as the startin^j material. This prod 
uct showed no depression in melting on mixing with the starting 
material. Infrared and NMR spectra confirmed this result. 

An additional attempt to alkylate this phenol in refluxing 2-butanone 
is now in progress . 


Tripropargyl-s-triazine-2,4,6(lH, 3H,5H)trione 

The reaction of cyanuric chloride (17.7 g, 0.0960 mol) with 
propargyl alcotol (17. Og, 0.288 irol) in the presence of potassiim 
carbonate (41.8 g, 0.288 mol) in 115 ml of anliydrous acetone was 
conducted for 21.5 hours at reflux under nitrogen. The resulting 


slurry was stxipped of most of the acetone and poured onto water to 
form a v^ite mass of crystals, m,p. 67-70.5°C, yield, 11.4 g (48.87o). 

Hie filtrate containing additional product was discarded. After three 
recrystallizations fran ethanol -water, benzene-hexanes, and methylene 
chloride-hexanes, the product had a melting point of 52-54. 5°C and gave 
a positive Beilstein tost for halogen. 

Hewever, two addi.tional recrystallizations from acetone-hexanes and 
methylene chloride-hexanes gave the correct product, m.p. 76-78'^C vhich 
gave a negative Beilstein test. 

/uial. calcd. for C, 59.26; H, 3.73. Found: C, 59.19; 

H, 3.73%. 

Ir(KBr) : 3246 and 2131 (SCH and -CSC- ); 1586 cm ^ (broad amide I 

band). NflR (CCl^) showod only lines for the propargyl group. 

N-Propargvl-2-pyrrolidinone 

Hiis compound was prepared according to tlie procedure of Bebbington 
and Shakesharf^y treating 2-pyrx-olidinone vd.th KOH in methanol, renoving 
of the water as an azeotrope, and reaction of the resulting potassiun 
anion with projiargyl bromide. However, an azeotrope composed of 
approximately 68% of the. desired compound, based on refractive index, 
was the best t!iat could be isolated. Hie other component was 2-pyrrolidinone. 

r\ r\ 

Hiis mixture had a b.p. 144-145°C (33nm), 1.4948. Hie literature 

reports 1.4970.^^ Hie tl>1R showed a broad singlet at 7.55 (NH) , confirming 
the 2-pyrrolidinone impurity. 


^ • C/yr>ounds for Mutagenic Te sting 
o-Mltrodjphonylnv.tlTane 

o-NiLxobcnzyl chloride (25 g, 0.146 mol) was reacted with 300 nd. 
benzene (a large excess) in 100 ml. carbon disulfide in the presence 
of 23.3 g of anhydrous AlCl^ for 1.25 hours at 50°G. Ihe product was 
tj.K)ured onto ice, and the resulting organi.c and aqueous layers were 
separated, the organic layer was filtered to raaove the AlCl^, washed 
once with water, dried, iind stripped on the evaporator. Hie resulting 
dark brown oil wtis distilled twice to yield product of b.p. 108-111^ 
(0.05 nm), 21.9 g (70%), n^^ 1.5983. 

o-Nitrobenzophenone 

A sample of o-nitrodiphenylme thane (21.9 g, 0.103 mol) was oxidized 
with diraaium trioxide (52.3 g, 0.523 mol) in a mixture of 19.2 ml of 

cone. H.,S0, , 80 ml acetic anliydride, and 240 ml glacial acetic acid 

^ 21 
accordin{5 to the procedure of Kovacs^ ^ ^^tar 1.75 hours at a 

temperature of 10-20 ^C, the mixtvae was poured onto ice water, filtered, 

and slurried in water once before air ebryin^:^. Pine viiite crystals 

were formed; the yield wis 18.3 g (78%), m.p. 101.5-104°C. 


2,3' -Dinitro’jaizoplienone 

o-Nitrobenzophenone (18.2 g, 0.0802 mol) was dissolved in 20 ml 

o 

cone. and cooled to 0 C. A mixture of 26 g of 90% nitric acid 

(yellow fuming) and 17.7 g of cone. was added dropwise over 1.3 hours, 

maintaining the temperature of the reaction generally in tlie 0° to -3°C 
range. At one point the tenperature reached 9°C for a few minutes, as tlie 
reaction was quite exothermic during the early stage of Ae nitration. 

Ten minutes after Ae addition was ccrrrplete Ae mixture was poured onto 
ice water to isolate tan crystals. Mter washing several tiities wiA 
\\ater to remove the acids and after drying, Ais material had a melting 
jx)int of 113-165°C, After one recrysAllization from benzene -cyclohexane 
(2:1), Ae first crop (15.6 g, 71%) had a m.p. of 120.5-131°C, wdth a 
small amount of material unmelted. A second crop (2.5 g) melted at 
119.5-159^C. 

Numerous colvisn cliramJtograiAy experiments were performed on a 10- in A 
silica gel G column to attempt to purify Ais material. At least tliree 
bands \^exe. obsexxed under a long wavelengA uv lamp. One band appeared to 
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contain the higher itx?lt:in^’, dlnit'n)lx’m(>phenoiTe iscxiur, m.p, 187.5-189*‘^C. 
howver, the nvajor band was not fully resolved. 

An 18 g s;;nnple of the ci*ude 2, 3' -dinitrolxmojjfienone wis sent to 
Dr. Bell for suljlinvation. This material was instead recrystallized 
froTi toluene to rcwove mudT of the higher Tiielting dinitro isomers. 

Several sov,n-ces of recrystallized 2,3’-dinitrdbcTizaplacnone ware 
utilized in the final hydrogt?nation sten. Some material had l^een 
recrN'stallized fraii toluene; other siiniples had been sublimed or re- 
ar s's tall ized further from methylene chloride. A typical sample had 
a m.p. 12A-126'^C. 

Tiio smnple vdiida was recrystallized from toluene was found to 
be 96% pure by HPLC, yet DTA runs shov^ed double pealcs bet'ween 125-130''^C. 
'Dais plaenomt^non has not been, eocplaincd Ixit apjaears to involve a daange 
in crystalline straictaire on melting*,. 

2 , 3 ’ -DDiniinobeir;oph eno n e 

A 7.3 g sample of 2,3'-dinit:a'obenzophenone was hycfrogenated in a 

}\aar bydrog,enator for 1 txxa" vri.th 1.81 g of 5% Pd on C in btaazene. After 

rtmtwal of the catalyst and tbyiiaia mth anhych-ous MgSO^, the solveaat 

wis ranov(?d in vacuo to afford a viscous oil. Cry s talliza ti«a vi«s 

finally achieved from 1 liter of cyclohocmo at room tanperaturo after 

several days. Avery fine, yello\>? powder, m.p,, 75-78^C,was isolated. 

On standing for a day or longer these crystals apr eared to reform, in 

part, as pale tan needles of identical melting point. In other cases this 

yellow jxjvvOer fonaed an oil \dien disturbed. A tofeil of 3.86 g of this 

o X2, 

dianxi.ru? \<^as sulxuitted. Tire literatinre ineltinp; point: is 76-78 C, 

2, 3'- a nd 3 , A ' -Di.am inodiphenvl Svilfgie 

'Diese comixxmds wre. prepared \i.sii,\g essentially the same procedires 
13 ' • ' 

as in the literature; During the first step (condensation of sodium 
beraenesulfinate and o- or p-chloroniti‘obenzene in"Carbit:ol") , we found 
it very advantageous to run tlie reaction mder nitrogen to cut down m 
a considerable anxxmt of decaiiposition products observed xden run in 
alj:. Both products were pia'ified by repeated reciyystallization (charcoal) 
iind by sublinmtion to form pale yello\^? po\*jders. 

Both ccnipounds were nitrated mth mixed acid at 55-60^C, followed 
by stannous chloride rcdiction. 'Die follo\sd.ng table lists the melting 
jxiints itnd aanple sizes of nxiterials \diich were submitted. 
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Diamine isorner m.p, (^C) Sample Size Suijnitted 

2,3'- 12A-126 12.3 g 
3,4'- 129.5-132 4.5 g 
3,4'- 129.5-133 2.7 g 


N-Acetyl-2-nitxodiphcnylamine 

2-Nitxcxiiphenylaniine (100 g, 0.47 mol) was stirred \<dth 350 ml 
of acetic anhydride and 17.5 g of zinc chloride for 3.5 hours at 56-60°C, 
Water was then added dropwise (100 ml) over 15 minutes to control an 
exotherm. Additional water was then added more rapidly. Ihe tgnperature 
of the reaction was not allov-zed to exceed 70°C. The solution \^as then cooled 
overnight at room temperature and then in the refrigerator for 5 hours 
before the product was filtered. Hie resulting solid was slurried in 
aqueous NaHCO^ , then with water before being dried. Ihe resulting 
yellow powder (104 g, 877o ) had a m.p. 133. 5-135. 5°C. 

N-Acetyl-2 , 4 ' -dinitrodiphenylamine 

N-Acetyl-2-nitrodiphenylamine (104 g, 0.407 mol) was dissolved 
in 300 ml cone. ^2^4 cooled to -6°C in a ice-salt bath. The initial 
solution ras dark black. A nitrating mixture composed of 180 g of 907o 
(fuming) nitric acid and 120 g of cone. H^SO^ was then added dropwise at 
an initial rate of approximately 1 drop/5-8 sec. Good stirring was 
maintained with a Trubore stirrer. The tanperature was kept in the 
-6 to +1°C range. After the initial exotherm was complete and about 
one equivalent of the nitrating mixture had been added (about 80 minutes) , 
tlie rate of addition was increased to 3 drops/sec. After all the acid 
had been added, the mixture was stirred for seven minutes longer at 
-8°C before it ’ was poured onto 2.5 liters of ice water. A gray, gumny 
product was obtained. The aqueous acid layer was decanted and the oil was 
xvashed several times with water. Ihe product was then dissolved in 
methylene chloride, and this solution was washed with aqueous NaHCO^ 
and water before drying with anhydrous On cooling in the freezer, 

three crops of product were isolated. Ihe combined yield was 77.7 g (63.5%), 
m.p. 131-134°C. 
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2 > 4 ' -Dini trod! phcnylamlne 

N-Acetyl-2,4''-dinitrodiphenylaminc (30.1 g, 0.100 inol) was dissolved 
in 600 ml of hot ethanol and 8,00 g (0.200 mol) of NaOH in 20 ml of hot 
water was added at once. The solution solidified rapidly as the product 
precipitated. More ethanol 'i<as added and the resulting solution was held 
at 50*^0 for 10 minutes before it was poured into water. The product was 
filtered cind then slurried in watr’-, Tlie pH of this slurry was adjusted 
to about 7 with acetic acid, and the solid was filtered and dried. 
Recrystallizcatim frem dioxane at rocm temperature gave a 56.0'7o yield of 
product, m.p. 225-226. 5°C. The literature reports m.p. 219.9-221°C. 


2 lx 4 ' - Dianiinodipheiiylaniine 

A sample of 2,4 ' -dinitrodiphenylamine (1,03 g, 0.0040 mol), 150 ml 
of benzene, mid 0.11 g of 57« Pd on carbon was hydrogenated on the Parr 
hytirogenator for 2.25 hom*s. Hie theoretical anount of hydrogen uptake 
wis measured. Tne catalyst v^us then rartived by filtration^ and the solution 
was dried with miliydraus MgSO^ under sivirgirtP, anhydrous nitrogen. Approx- 
imately one-half of the Ixjnzcne was removed on the evaporator^ and 20 ml 
of ]iet*rolevm ether tos added. After cooling in the freezer overnight, 
a girill yield of product, m.p. 53-54. 5^C, was obtained. The color of this 
product was initially off-wiiite, but it rapidly dianged to light pinlc 
on exposure to air. On storage in a screw cap vial for several days, the 
conpound turned purple, then blade. It finally became a black oil after 
several weeks. 


Tlie infrared (neat oil) slxiv^d a strong primary amine absorption at 
3340 and 3225cm ^ and a strong I'JH scissoring at 1615 and 1597cm It also 
contained absorpticjns in the araiiatic nitro region \dri,ch were considerably 
broadened over those of the starting material. 

Another sample of the freshly prepared conpouiid shaN'ed a broad, weak 
absorption iri the 3350-3150 cm ^ range, a strong NH 2 scissoring at 1592cm 
and no nitro absorption (other than a shoulder at 1513 on ^) . 


V. CONCLUSIONS 


A series of glycidyl amines can be prepared in good yield, 
although with substantially less than the theoretical 
epoxy content, 

A titration method for estimating the epoxy content of 
these glycidyl amines gives results approximately 7% low, 

+ 2 %, 
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